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Abstract of JP2000228656 

PROBLEM TO BE SOLVED: To provide an 
AFC circuit capable of performing the 
frequency error correction of a wider range 
including one sub-carrier interval or more. 
SOLUTION: In the OFDM(orthogonal 
frequency division multiplex) signals of a 
carrier number 2m for which a known pilot 
signal is superimposed on the 2n-th carrier, 
repetitive signals obtained by equally dividing 
the pilot signals of one effective symbol period 
into 2n are held on a receiver side as the data 
of basic pilot signals, a complex correlation 
value with reception signals is calculated and 
the correlation peak value of the complex 
number of 2n times in one effective symbol 
period is obtained. By dividing the phase 
component of the correlation peak value by a 
basic pilot signal period, a frequency error is 
obtained. For the error, the phase change of 
the basic pilot signal period becomes 2n times 
of the sub-carrier interval or less. Then, by 
correcting the carrier wave frequency of the 
receiver based on the detected error, the 
frequency error of one sub-carrier interval or 
more is detected. 
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im^m i ] u r##2 n mso* ■* y rrfmn 

hft-f-) SrffiMfc^-v UTtS2 m OOF DM (H3WB» 
»4HW^fi) *3Stf>£9HI* <i2TFOFDM«*> *S 

9 a -y ^^tf&ffiiiis&T-fs^ft&^r y 

n-#;i^-9$fcS0K-C8& 3 *i* a - # 
/Hi^ci 9«SEMILT*«J^C^-^'<>' HOF 
DM«#fcrSfflW-*KSS80«igHi:. .Itf>III»T»4»;h. 

■5*-*fl»fc«rf 4 OFD MftP®j&i: ^ifeOF 
aBIJ»T»4>nfc«BBK5«^-^'?>' HO F D Mfc-f- 

tmtziEnMimiirt&'U a -y m-*fc 

hit? ov-9h. {^mm>^mmxzn t 

AM* 7 -f /l^ 4: Srfii^ 47 4 . 

ttmv-?m^*tm-t&z tx\ m&^-xjovo 
f d Mm^izt5if&&ffim<?>mmimmimtt&i'm 

i^m^mmMMimmL. znm&ffimtzmix 
*)^mm&sE^f5. t tmm- &zt£&mt-r& afc 
2 ] * a- 'j rs-^-2 » #g^^f -v y Ttfm&n 

Hfl-v) «rfflv*fc*-v yTSfc2"> OOFDM (S3eJi]j£ 



StfttOT) ^^Pft^- (HTOFDMlf) £5 

— r- ®$&t. z<7>®&x'nt>tirzTi-n?7'<t>mm%im 
^zru-y? imwmmx'ft&L swtyr'j^ 

/Ht^ti Ltl*f^<-x^y HOF 

DM«^csan^&ttC£amii»i:.. iwniBtft^ii 

*:1f f^sKO^-X^y HOF D M«#*»fc#*i!Ufttf> 
T-^e^Sr«aiW-& OFD MHPillKi; O F 

pmsiTit btitzmmm&coi-A^y kofd Mm-*§- 
iz^x^frffisztitzm&u a>y Hfi-g-h^ra-effi 

i <o t:- ^ atamans <b*i4 jE&i^m^)ffl«a»jft^ 

fflBt-^ff&JSinitT. l?i5<-X^>HO 
F D Mig#Kfett&#^^+^««flB^S^-lJrf # 

izfetxmi?* «y ^S^6islK<^Sffi»dR&ff jE 

&AFC®8&. 

[ft*«3 ] =3r^r y T#^-2 » •l^VU T^Bltt^ 
aH0TS3«$fL^^ a-y h^fA- U T ( WT> a -y 
Hfi-f-) 5rfflV^ J r l JTi:2"'^OFDM (iS^iMig 

fMtm&m ) ttn&mm^ < mro f d Mft-f - > sr^ 

— 13884:. C<OlHl8&t1#^iX7t:r-^a^^jgfe<t 

o-y^icj: y)^f=j^)v^mmmmz^c.m-hT j )-xny 

/Hi-^tcJ: Dl3eftPLT?ifSI«^o<-xA>-HOF 
DMft-f-tC^-rSlI^faiSSff&i:. ^OIl]8STl#A>il 
^^^O^-^^V H O F D Mffi^<5>4HES«tf> 
f-^m^'iSMt^ OFD MflPHJSSh $rfi|i.7tO F 
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m&E7 4 llfAX/n 7 4 IV IZH^X b*-? 

zmmtx. im&m^bmmstiztftxiEcvmwigt 

<r cr>tmmx%& $ m%iMmm.frt> mm*-*} 
ivm^mmm^m^L. z^mmm^Mizmtx 
mzv-tmnsmm&vmm m^^nm-t 4 o- 
fnvm^mm-WLt zmm-hz t *&mt-?& afc 

^ijlcj: J: o TfflUflfI-5|«ft 4 i 4: Sr 

WSk-tiHWWl, 2. 3«0V^-m*»IBK<OAFC|ll 

». 

[0001] 

[fwawn-rsaaHi-if] ofdm mmm 

[00 02] 

[#*Og-(Tr] mooiotc, OFDMfEjU^T'ti, 
iMfllSS t %mmW b c?>fflX' . WffliftR<0«mK^»+H 

^jfta^aKjftcaaaBaRii^* 4 1 # . ttz^-yyv 
vymm&zwMtfh 4 t & . ofdm os-* u rm 

>ru y^^mM^ffliE-r4 afc m&imii hti 

TV^4. CliOAFC!l]gSO«*:e<J^<i^Sr05^t-. 
[00 03] 05fc*JWC, 7yftl l£ffltTf-a. 



— M 2X'fflmt£8iZtltzOFDMm*tl&. A/D£ 
8W3K1 3teA*S*u ^a«y^fi^JgHIS&14T^ 
4^tyry^n. y ; (jgssftf s ) fcio-r 

S^/HW^SSftSft*. iCT'T^MtSflfcOF 
D Mfi^-(ii3<fIiSlHlg§ 1 5 fcTJj S*u n-^/Mi^ 

ft&mRi 6 t-%£ $ ix 4 o - * /m-f- 1 mm®.mm-t 
&ztt,z±~>xw£.mmzti. mmm^^-x^yv 
oFDMm^t^-yXOFDmmmm^i nzm^>ti 

4. ^<7)OFDMfIISllIS&l Hi. A^$ix*:OFDM 

itt>titi'r-?m^ZmMliiJ3-r2> twc*>4. 
[0004] ±iaH3c«li[HlS& 1 5 tf>ai:fcttJil« 

sfcpM«?miiiKi8^iii^>ii4. z^mmL^mmm 
m 1 8 ti , F4 y?—s <jum\Si ttthi' ytfii'im 

fHK3»14(^)«aSffliSa8c*(SU»l^ **i-f*t^)»*Sr 

mmzmiELxi^. 

[0005] 

«t 3 ^rts!*OA FCElg&T-lis 1 ^y^)V^X^'- H 

[0006] *%tmz. ±mcoffi®zmkL. m%%ffi 
mz lx 1 v rmhvxtzistbx x o/E^H'Sr 
mmm^MiEZfto z t 4 a f c ms&z&m-t 

ZZbZSMb-th. 
[0007] 

ft C *»Bgt:«R S A F C @S^{i . JST^) «t 3 $r«r«W 
«B5c^*-T4. 

[0 008] (D*'V l J7if2"Sl^ l J7*' 
a-y hfi-sp-) 5:fflU^+'J7g[2»>OOFDM (il 

^ili^^SiJ^*) ^r^o^pfi-f- aXFOFDMfl 

iS9)v*^m m&^* n-tivm.^mm&x'miZti 

ypOFD Mfi-f-tc^-r4ll3cfliSIlIS&i: . 
■CW^^aSRJB^^-^^^ HOF D Mft#*^# 

sgM^x-^fi-f-^aii-r 4 o f DMmm\s\&b 
A7cOFDMSft^s^fflv^ix. %ti?timm%w 
muzMi xffi&zti. mm\M3zmm\°is&x'ftt>ttrzn 
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mm&n^-X^V HO F D M«^fcO WC^tf>«j*$ 
UK-ASO HO F D M«^£fctt*#JIBSfttf>«»R 

^^«#»^aaj-r-i»jDs:[Hissi:. «rffitr-^«tai# 

k T, H O F D Mfl-f-Kfctt 

ftiamtowi? ufe«^w«a»a^ji* Jtaj^&«jnii 
ssk. ^ o^mnissT^tb zti& mm.imm.fr ^ ma 

mmizm tx mis? n -y 9 m^mm&cr^mmmi. 

ZMsE-rZ 9 n >y ?flre*E#Rk . fMESnJUIIK-C* 

a£«*aju i<o«isaad»afc:jctrirfsn-^./Mi-9- 

b ^ftfil-r & £ k £«» k ■* & . 
[00 0 9] (2) ^A'UT#-^2 n #a^O^^Ur* ^ 
BE»^7 ) ^IlJ■r'^P$^^^^M o-y h^t-v ur arn. ^ 

>fD 7 Hfi-f") ^ffll^^-T VTWt2 m COO F D M (S 

y ^9"9n>y9tzi ^^iV^wmm^z^mrTh 

n-v9/7>;9Ji<3m®mb. z.co\§i8&xi§t>titcT 
xkofd Mft-f-c^m-ri) a3cmp@8& b , zcd®& 

Ti# ^ tltzmmm^K-X^y H O F D M«*&»4,# 
«BS»^-f-^«#&aSW-SOFDMflaillIBi;Sr« 
;t*:OFDMS{l£ISKfflV^*U *tl?tltilgSmSBl0> 

miizm-yxm&LZti. msmsmam»x^htusm 

mm&CO^-X^y HO F D Mfi#(C-3 WC^tf>«»3 
iut lifter a -y Hfi-tkora-C-ffl^SSr^TO i><D 

x\ temwmn^&mmiizttLXtttttmziEcommi 
;k*k. ea?!if«^+it«a«(c»LTffi»w^ft^)fli 



jt 7 4 ^9cr>^-tHtl lz^X¥-9£&liiLX. BM 

&i&<7>*»mmuztf Lx]E?>mmu&fr0>ttmv-9 

tfi^-XAy HO F D Mflr*(C&ft*«^tt0'tML'>A 

9 o y 7fi^tI[a]B<9f&ffiS&&£ffiE^& ? a -y 7 
<I-#»IE#»fc k fcttftk-fi . 

[00 10] (3) =**yT##2 n *S<0**yTJ&* 
JBBaw>JOI'CSai<f<ifc^«-f-Ov H=*^UT (OT. 
-fo>y>ft-^) 2rfflV>/c:^-vyT^2 m c7)OFDM (It 

3&f&&fl«« ) # sstf^iifi-si- ( mro f d Mft 
y h of d M«<wcaaw t iS3cfip[Hiss k , ^ oms§ 

•Cft^^^J^^-XM'y H O F DMfiffrt* 
Mil^T-^fi-f-SrSp-rS O F D mmm®8&b Zffi 

z.t:OFDM&mmm.izm^$>ti. zti^timmtoo 
mmizm-? xm&.zti. mm^wmm^x-^hixtzm 

mB5!&<-AJO H O F D Mfl-f-fcOV VC^ £>fiM$£ 

x\ {m&mn#>bmmkiztfLxmtfmz]E<omm$i. 

ttti^nv hfi-f-kOffiBBS^aj.*-r*iE7-f 
k . eaHIW^+^fflSHftfciW LTffi«Wtcft<Offl 
«^tJ^n 7 H(i#kOfflMfi-^S:ttS^-rSft 
7^^tSrIi47-f;^¥Sk. miBJE? j >l-9& 
Iffiyi >V9<n&\£li\ l Z^X V-9 Sr^aj LT, fS* 

Ho««dRjfi^^)fflWt:-^fi#*fta[-*-ftikT, bu 

le^-x^-y hofd Mm^z&i-t&&fflm%icomwm. 
mm&.m®s.z%\z-tz>iim®® l b. zntummx-n 

b*mm-&zbzmmb-r2,. 

[0011] ( 4 ) ±E ( 1 ) ~ ( 3 ) ^7)V^■ri^*><7)^t 

li&cfctvc. mi? < iv-r^mt, mrtejE7 -r/p^, m 

y 4)V9mz^ mi'U n-y Hft-SfMtCffi^Sx- 
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tooi2] ( 5 > jbie ( i > ~ ( 3 > owma»o8t 

[00 133 

[0014] *¥£WX'IZ. &mLfcO F DMift.Sli 
W £ (f . «s6*BDtc fc^TOFD MfE^^r5t^fi?ffl £ AMI 

izmmttfmtb t>tix^& ^mmLmy-'^^mm^z 
&~>xiz. mmctjfottifmjjmzs^ u<y h$syiw> 

Sr ttWL $ S P ( Scattered Pi 1 ot ) ttrfmt £ ft 

hm^SMmtrmstz^rr. % S P^sWcoVVCli. 
B&ffetif "T 4 T^£t£Vol . 52, No. 11, pp. 1658-1665 
(1998) <~t&±.T 1 i?? )Vmk\,ZS5tfh O F DMyV# 

^SsMtfffittSft-C^i^rC, ; z.x\i%<r>m*te'-m 

[0015] *^BJfcfc{t-S S PtftflJJB^fcO^T, 
04£#8BUCiiiBW4. 04^*>UT. <a)tt** 
1>TIEB£^U ( b ) JiSfiO FDMfI-S|-}&^£^ 
U (c) I^Mn 7 Mi-tjggB£^U (d)«3ES 

[0016] tth-h. H4 ( a ) (DX 0 (C, »J T 
#^•2" #g<y>*-r 'JT£^Mo-y b^-vUTi: U S 

a-yh^-r'JT ( ittSrV^ a -y ) SrfflV 

fe^f-jr frit2 m c7)OFDMfi-f-{CioV->T. l^^V 
jJfA«nBWf-f a -y hfi-f-S: 2 » mttT&b , (1 fc«* 

[0017] LtzWiX . 31^/ a y h -f-? 

tW-f * i: . 1 Wav-^^mBBBtc 2 » SffliaffiO f- 

mim.9m.Xh*). ZcDtmtftfHi. 3S#y\Mo-ybfI 
ffflSl:, SfiL/tOFDMfi-ti:^fi^a^ffii*^ 



mknmmm£iz2:^x^tLtz{fflm*x<t. ma 
z«mx'WHtii><7)tfmmix'*>&frt>. iHt-;t 

[0018] ^C0^-C'SIEX'# *J3l£dRift£t;L 31* 

a -y hft^raofiffi^b^" 3 6 0JSETF, 
*>-9-r^A- U TSIS^ 2 » fgOTh^r^ . Ltzifi->X . 

*Tfi£i: * 0 . JfSKH^jg^PJIffljESrff oZb #T'# 

#i<o* a- u r i: b z i> mmxh h . 

[0019] JST, H 1 ^«HtT3WMW)SE 

c \si$&(v&&mm±m 5 ^ Ltzffif& bmtxfo&. z 

ffllUS& (18) ^eto^TRiJIti. 
[00 2 0] HI ti, H5t*UfeAFC|g»t=*JMB 

'JT#f2" #Si0^ J rUT^^a-y b^f^UTi: 

t. &mm?®%izftfrz£o%mncomix'g.mzti 

[0021] Hi d&^T, ffl3efIPHIS& (15) *^ 
OSSR^Cfc: J: S OFD Mff-^(il7 >f /U^ 0S& 1 8 1 

» 1 8 1 tiiE^ 7 7M^t'J 1 8 3 

3£*>nM o y hm^cvWLB?-? SrA^lL, 1t%tXM$ 

^, %yov?im\ S2im? vrim.**') 1 8 4 
^«?*&W$ix^3£*^M n y vm^OWffi^-ftA 
*>U itXail$#UtOFDM(g-9-i:<OffiB8^«r*«> 

[0022] iiT*. IE? -yrffiStX* U 183 (CtS#3 

^JS-TS. 4^:. ft^v7 , flifc» ; 6'J18 4lct8tt$h 
SfiHRU. GMftt&cO#fommLlZttLXtt*mizM.(0 

mm&m-r&m&u u -y hfi-^o^r-^^ie 
[0023] ±MtJEy <)v?miii8imf-gi.y 

0S&1 8 2i4. ftftcW(C«El2 ( a) ^-Tio^F I 

^OFDMft-f-^SSS^D 1-Dn (HT'{in = 
5) T'l-9-y^-roilML. &S®m7l£-?-il-eftJi 
SLSM l-Mnt*I2 ( b ) t^-T^iSC^ * V ( 0IJ^.{f 
ROM) 1 8 3£tz Jil 84*^031*/' tfn-y h ff-f" 

TOF D Mft-^t 3S*^M o -y h ft-f-fc OffiBBfl-Wt 
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[00 24] JiLhO IE 74 /U? 085 1 8 1 

(C#fU < IV ^08118 2(4. i£m&®<7)4»km%i 
8 1. 18 2coaj7J(4-Hi^ixb-?&aM&18 5. 

1 86t,zmt>ti&. ztit>w-?mm,®&i 85. 1 

8 6(4. -ettmA^^it^fflWfi-^Ob-^ffi^^ai 

5.186 ?)Jii7JJ4. ^ft^fijDfi™ 1 8 ITklfWM- 
0S&1 8 8£i* 

[0 0 25] JnaHISgl 8 711 JE^/l^IIlS&l 8 1 

wtijjtfk? ^/p^iassi 8 

X\ O F D M«^<7)#aBHjg£7)|f^t!crail*^«-f . 

^tii-rs. 4fc. jsamssi ssji. je^/i^eusi 

8 1 c7) ft^ t ft 7 4 08S 1 8 2 C0£±3 * t Ztm^ h 
[0026] JnSW 1 8 7 Officii. u-77/W3jSEiSt 

mh^ieis& 1 8 9 tc x <o n-*)vm^mmm.mz 
m^hmwm^z^mztixv-xivm^zmm&i 
eizm^ti. n-^>vm^mmm^z^ixh „ m 
mz. mMmffil 8 8 officii. 7u-y7mwm.mm£ 
j^nies is i otz£<o*ry7°vy77u-y7<r)m&mm 
mizw^i-zmwmmz&mztix ?u - y rm^m® 
niA^mhti. -v-yTvyiyfn'yfcrimmmjEiz 

[0027] $ h\,zmwM%mmz^xmw-th . 

[0 0 28] £-f . IE? <)V?®$,1 8 1(4. £#^M 

a - y h fi-f-cT) o ibimffit&ntp'bmmkiztt lts^w 

ft*>. ft7-f^^0Sgl8 2(i. S#;sMo-y hff-f-?) 

3 wm&mco*>bmmiizttLxttttmzncomm!i 
W7^^iiissi8i, i s 2fre>ftjj2ti2>mmm-% 

£A7J Uib- 7 &ffiH8&l 8 5. 18 611 Ztl^tl 

[0 0 29] JE7 OV?®®,! 8 1 £aS&L*:jE<7)jgi£ 

ffliiL^fto^^^fflPBf-^ft-f-C i(4. in® 
0S& 18 7 (cj; 0 Jng:$ix. a-#/WH&§cM3l£i£[H] 
SSI 8 9t,ZAJl£tlh. fflmitZ, 17-f^^lHlSSl 8 1 



tm^c m%ms& is sizxKiimiti. ?o-y 

^^^^H^>HIS§1 8 1 OlzXXZtlh. 
[0030] n-t;\,mmm£3£Wi®& 189t?o 
•y^ig^tSc^H^mtHlSSl 8 1 0(4. 
IiJ:Ol«t^L, ^<l:8£fiI:fS<7)IEI$(-^S&-f 

V7T\sVX\mft=0&X'foh. 

[0031 ] n-^;^jg^H^IlIS& l 8 9?)tt:b 
(4. <rU(4NCO (Sc&^»^f|) -C«t/^n-^ 

)vm^^mm\ 6tA^$ni». ^c^t, gfi 
uofd Mfi-s§-<7)* ^ u ris^i: ^ft^a^oo- 

tL&. mmiz7uy7mmsLmA%.Wi\£\mi 8 1 ooa 
*(4. <yU(fNco ($tmmw&im) xm&Lwa 

•y?m^&M®$&l4izAJiZixh. Ztilz^^x. £ 
[0032] ±Kfi|j£(;:4 -i>*!UHim^oUT . 04 £ 

mm.Lxmw-tz. 

[0 03 3] 0FDMm^C0±mmm<7Mt: 2™ *ki~ 

%miten®minm^fr^mizMmte.m^z^ 
(t£ t . mmm^i 1-2^^.^07 hft-t 

•fh „ vnM n -y hff-sf-fc LT^W^ife$ix^*g^#-f- 
*^'2". 2 n + 1 . 2" + 2^..., 2">- n <7)t#.ll 
4(b) (C^-T 4 a (1 1 WhisVit)VmW&Z)M o -y h 
ft-^(4|HIt^*>'2" @^0il$^l>„ U^'ot, S 
9£-rfi/JNiji{i<7)ft-^£. fienofi-^r-^i:LT^fi 
^Sffi9(^» L . S(I UOFD Mfl-f-a^NM d y h 
ft^-Srtttii-fl. 7^/1-^ HISS 1 8 1 . 18 2^77i 
get LTffl^SCttiO. 114 (c) (^-TidK. 
1 ^&^>-^;^ra(c 2 » m>M o y hfi-f-^'ttajT^ 

?v v 7mmmm$:ttmt°-7m^frt>mjEX'Z 
zztit, ww¥8-io27 7 l-f-^ig. axifmm 

¥■9-32 1 7 3 3^mz9fk^tlX\^M Y )Xhh . 

ztt^vrm^mft amis) zmmummm^t 

PLL0S8i:[5l«-r-fc^ o 

[ 0 0 3 4 ] fM D -y hft-f-O^^'OF DMff-tO 

im.&mft<D-£®m%w 2"*ci *o»j^t'3M^^. 

O F D Mfi^O^JSiM^aSr 2 - ^-4 , y\M o 

mw.mfc&&L. &mm^tttmzMz>ztiz£*). m 
4 (d) cr^-fidc:. iir&)i'>#/i'Mfflt,z2 n mn 
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[0035] u^'ot, ±immzx zmmmmmi 

1 8 A F C ®8&ZffifcttH$ . itrtiia 
[0036]^, JUavhltq&Zkt&Blirix* 2 

mi ( 2« ) x'&hfrt*. mm&mmksm&i s<r>? 

.^^B»18 1. 182i:LT(±. */NWS£ 2 » HJO 
fflBBiyiSrMHi-Jf J:v\ MUX, ft^^fc&iSftiftJh 
xS^/PxUtVaX^OSSS^Tli, 12 ( = 2 

2 x3) df+yrfciB-c*** 1 . «/jv»(a 

[0037] M v^-^/U 

^<7)^^^x<r>mmmjE£;u o >y mi^hr 
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